Synthesis of new fused phosphorus heterocyclic derivatives, phosphabenzo [a]anthracene-7-ones, is accomplished by a new methodology involving Friedel-Crafts insertion of phosphorus trichloride into 3-flavanol in the presence of ZnCl 2 as a catalyst and subsequent reaction of the resultant chloroxaphosphorin with various alcohols in the presence of triethylamine, followed by oxidation with H 2 O 2 . The structures were determined by IR, 1 H, 13 C, 31 P NMR and mass spectral (MS) studies. They were screened for antifungal and antibacterial activity.
Introduction
Synthesis of new multi-ring phosphorus heterocycles for applications in medicine and industry has attracted the attention of researchers in recent years. [1] [2] [3] [4] [5] Phosphorus analogues of α-pyrones, which act as HIV protease inhibitors, 6 have sparked additional interest. Flavonoids are a large class of natural pigments which are an integral part of the human diet acting as antioxidants. 7 They also play an important role as insecticides 8 and their photochemical properties are well known. [9] [10] In view of this, syntheses of phosphorus heterocycles annulated with both α-pyrones and benzene alkoxy/ aryloxy/ alkeneoxy and alkyneoxy substituted at phosphorus have been accomplished.
Results and Discussion
The novel benzanulated phosphorus heterocyclic compounds (4a-j) (Scheme 1) were prepared in two steps, starting from 3-hydroxyflavone (1 The absence of a signal for the hydroxy proton and presence of a signal for C-4a, with a coupling constant 
Antimicrobial activity
Compounds 4a-j were screened for their antibacterial activity against Staphylococcus aureus and Escherichia coli (10 6 cell/mL) by the disc-diffusion method 18, 19 in nutrient agar medium at various concentrations (250, 500 µg/disc) in dimethylformamide (DMF). These solutions were added to each filter disc and DMF was used as the control. The plates were incubated at 35 °C and examined for zone of inhibition around each disc after 24 h. The results were compared with evaluated against Curvularia lunata and Fusarium oxysporium at concentrations of 250 and 500 µg/disc (Table 1) . Griseofulvin was used as the reference compound (Table-1 ). Fungal cultures were grown on potato dextrose broth at 25 °C and, finally, spore suspension was adjusted to 10 5 spores/mL. Most of the compounds showed significant activity against bacteria and low activity against fungi.
Experimental Section General Procedures
Melting points were determined on a Mel. 
Synthesis of 5-(isopropyl)-5-oxo-5H-6,12-dioxa-5λ
5 -phosphabenzo (a) anthracene-7-one (4a). General procedure. A mixture of phosphorus trichloride (5.0 g, 0.036 mole) and 3-hydroxy-flavone (4.7 g, 0.02 mole) was heated gradually to 180°C over a period of 5 hours with continuous stirring. A slow sweep of nitrogen was maintained in the reaction vessel to facilitate the ready removal of evolved hydrogen chloride. The reaction flask containing the chlorophosphine precursor 2 was cooled to 25°C and 0.03 g of anhydrous zinc chloride was added to it. The temperature of the reaction mixture was increased to 210°C over a period of 2 hours and then cooled to room temperature. The reaction mixture was dissolved in 30 mL of ether, and to it was added drop wise a mixture of isopropyl alcohol (1.2 g, 0.02 mole) and triethylamine (2.0 g, 0.02 mole) in 30 mL of dry diethyl ether. The reaction mixture was stirred at 25°C for 2 hours. Triethylamine hydrochloride was removed by filtration, H 2 O 2 (1.0 g 0.03 mole) was added to the filtrate and stirred for one hour. The resulting solution was extracted twice with diethyl ether and dried over anhydrous MgSO 4 . On evaporation of solvent at room temperature a crude product was obtained. It was washed with chilled isopropanol and recrystallized from methanol to give 4a. The progress of the reaction was monitored by TLC using ethyl acetate and hexane (3:1) mixture as mobile solvent and silica gel as adsorbent.
Compounds 4b-j were prepared adopting the same procedure. 
